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What we claimed is: 

. A fuel injector having a fu^l inlet, a fuel outlet, and a fuel passageway extending from 
the fuel inlet to the fuel outlet along a longitudinal axis, the fuel injector comprising: 

a body having an inlet portidn, an outlet portion, a neck portion disposed between the 
inlet portion and the outlet portion, tne neck portion including a cylindrical annulus that 
5 provides a body passage extending fr\m the inlet portion to the outlet portion along the 
longitudinal axis of the fuel injector; 

an armature proximate the inletlportion of the body; 
a cylindrical needle operatively connected to the armature; 
£1 a seat disposed at the outlet portion of the body; and 

a swirl generator proximate the spat; 

wherein the cylindrical annulus of the body includes an inner diameter that is greater 
than a diameter of the cylindrical needle so as to define the body passage, which maintains an 
operative relationship between the body and the needle. 
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2. The fuel injector of claim 1 , wherein the inner dia meter oftt iocylindriCarSinulus is^ 
no more than 50% greater than theiUamefeTofthe'^^ needle, and an outer diameter 

of the cylindrical ^^inultrsT^no less than 100% greater than the inner diameter of the 
cylindrical annulus. 


i^^^\3. The fuel injector of claim 1, viherein the seat comprises a first siu*face exposed to the 
/ fuel passageway and a second surfaceVexposed to an exterior of the fuel injector, the first 
surface being spaced from the second surface a defined distance along the longitudinal axis, 
the^^firg t^port i^ having at least one cut-out configuration that extends for a fraction of the 
5 defined distance into an interior of seat.\ 



4. The fuel injector ofj^lahirJ^ wherein the at least one cut-out comprises at least one 
volume that degnes at least one wall that is located between the first surface and the second 
surface.^ 
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5. The fuel injector^flGtamr4; where the ax least volum e c uiiipi iscs one of a plurality -qf 
volumes anda-cfiannel. 
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6. A fuel injector having a fuel inlet, a fuel outlet, and a fuel passageway extending from 
the fixel inlet to the fuel outlet along a longitudinal axis, the fuel injector comprising: 

a body having an inlet portion, ^ outlet portion, and a body passage extending from 
the inlet portion to the outlet portion aldng the longitudinal axis; 
an armature proximate the inlet portion , of the body; 
a needle operatively connected to the armature; 
a swirl generator proximate the needle; 

a seat disposed at the outlet portion of said body, the seat including a first surface 
exposed to the body passage and a second! surface exposed to an exterior of the fuel injector, 
the first surface being spaced from the second surface a defined distance along the 
longitudinal axis, the first portion having ac least one cut-out configuration that extends from 
the first surface for a fraction of the defineoi distance into an interior of seat. 

7. The fuel injector of claim 6, wherein the at least one cut-out comprises at least one 
volume that defines at least one wall in the interior of the seat. 


8. The fuel injectokof claim 7, wherein the at least one volume comprises one of a 
plurality of volumes and a\:hannel. 


9. The fuel injector of clajAvS, 

^ wherein the swirl generatorcombrises at least one flat disk; 

wherein the seat inclujdes a se^^^assag^the seat passage including a funnel extending 
between the first surface and |he second surface/ and 

^ wherein the needle includes a curve^^sdrface that engages wi th a conica l end o f the 
funnel to inhibit fuel flow through the seatpassage of the seat. 
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The fuel ii^j^tor according to claim 9, wherein the at least one flat disk comprises: 
a guide disk ha^^g a perimeter, a central aperture, and at least one fuel passage 
opening between the perimeliK:^and the central aperture; and. 

a swirl disk having at least ohi^lot extenJdin from the at least one fuel 

passage opening to the central aperture, ^^^s,^^^ 
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11. The fuel injector of claim 10, wherein the at least one f uel p assage opening corpf^rises 
a plurality of fuel passage openings between the perimeter and the central aperti^^^and the at 
least one slot of the swirl disk comprises a plurality of slots that corre^ond^^ the plurality 
of fuel passage openings in the guide disk. 

12. The fuel injector of claim 11, wherein the at least oney^lume comprises a plurality of 
volumes arranged in the first surface to correspond to the/^urality of fuel passage openings. 

13. The fuel injector of claim 12, wherein e^<m of the plurality of volumes comprises a 
cylindrical volume having a first diameter^^d wherein the each of the plurality of fuel 
passage openings comprises a circular^perture having a second diameter, the first diameter 
being substantially equal to the secx^d diameter. 


14. The fuel injector opxlaim 13, wherein the at least one wall defined by each of the 
cylindrical volumes cgmprises a cylinder side wall and a cylinder end wall in the interior of 
the seat. 


15. The^el injector of claim 14, wherein the cylinder end wall is located between the 
second sdrface and a midpoint along the define distance from the first surface and the second 
surfag 

^\l6. The fuel injector of cf^i^iS, wherein the channel comprises a width on the first 
surface, and wherein each of the plu^ity of fuel passage openings comprises a circular 
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aperture wltI^a•4iameter, the diameter of one of the fuel passage openings being substantially 
equal to the width of the ^ 


17. The fuel injector of claim 16, wherein the channel comprises a continuous^charSiel, 
and wherein the at least one wall defined by the continuousxhannet'compri an inner side 
wall, an outer side wall, and a channel ^jd-Wall engaging both the inner side wall and the 
outer side wall. 


18. The fii^Mnjector of claim 17, wherein the channel end wall is located between the 
second surface and a midpoint along the define distance from the first surface and the second 
surfac 



19. The injector of claim 8, wherein the body comprises a neck portion, the neck 
portion including Ss^^lindrical annulus that surrounds the needle, the needle being a 
substantially cylindricafh^dle; and 

wherein the cylindricaT'aiinulus comprises an inner diameter and an outer diameter, 
the inner diameter that is no more tn^50% greater than a diameter of the cylindrical needle, 
and an outer diameter that is no less than r9Q% greater than the inner diameter. 


\. 20. A method of stabilizing temperature of a fuel injector in a direct injection application, 
^ yihe fuel injector having a body; an armature proximate an inlet of the body; a needle 

operatively connected to the armatub-e; a seat disposed at the outlet of the body; and a swirl 

generator proximate the seat, the mqthod comprising: 

providing the needle with a substantially uniform cross-sectional area; and 
selecting the body to surroimoi the needle and form a body passage, the body passage 

maintains an operative relationship bemveen the body and the needle; 

wherein fuel in the body passam transfers heat from the body to the needle to 

maintain a minimum temperature gradient and to maintain an operative relationship between 

the body and the needle. 
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^^J^^l. The method of claim 20, wherein the average cross-sectional area of the body passage 
I is less than 2.25 times the substantLlly uniform cross-sectional area of the needle. 

22. The^nethod of claim 20, wherein the step of providing further comprises providing a 
substantially cylmdrical member as the needle, and a cylindrical annulus as a neck of the 
body, the cylindrichl annulus having an inner diameter that is no more than 50% greater than 
substantially imiform oiameter of the substantially cylindrical member, and an outer diameter 
that is no less than 100% gteater than the inner diameter. 




23. The method of claim 22, further comprising: 


providing the seat withaj^ fuel passageway and a second 

surface exposed to^an^-tefior of the fuel injector; and 

configuring at least one cut-out in the first surface to form a wall that extends into an 
interior of^at. 
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